Dicing blades are widely used for cutting brittle materials, such as silicon, ceramics, sapphire and optical glass. In order to reduce the production cost in semi-conductor processing, the substrate of semi-conductor was changed to large diameter. High cutting speed and small loss of material are desired for the dicing processing. To achieve a large safety margin and increase the rate of material utilization, thin dicing blades with fine abrasives are commonly used. The thin dicing blades, however, break down very easily. Thus, it has to be handled with care. In this study, a series of reinforced thin dicing blades with various films were proposed for improving the handling ability and grooving performance. The vibration properties of blades were investigated, too. According to the results, cutting loss and chipping size were reduced by reinforced blades and the higher the damping ratio, the smaller the chipping size.
Introduction
Thin diamond blades are used for the precision cutting of brittle materials such as ceramics, glass, silicon, etc. For these brittle materials, chippings on the work piece always occur. Moreover, the effective availability of a wafer can be raised by reducing the chipping size and the cutting loss. In recent years, the dicing process of brittle materials has been highly desired to achieve high accuracy and efficiency.
It has been reported that the chipping size can be reduced using resin-bonded blades 1)2) . However, the rapid wear and limited thickness of a resin-bonded blade cause the blade life to shorten and a large cutting loss. In order to resolve these problems, thin electroplated diamond blades are used. On the other hand, electroplated blades have problems of large chipping size. The thin electroplated blade breaks down easily while installing it on the cutting device. Thus it is very important to decrease chipping size and improve the stiffness of electroplated blades. According to several reports, the mechanism of chipping generations in the dicing process has been investigated, but reports the methods of decreasing chipping size are scant 3)~6) . Mizuno mentioned that the vibration of a blade could influence chipping size, but this was not investigated in detail 7)8) .
In this study, to improve the stiffness and cutting performance of the thin blades, a new method is proposed using resin films for reinforcement of the blades. The grooving performance of the reinforced blades was tested on a silicon wafer. The vibration property of various blades was examined and the relationships between the grooving performance and the vibration properties are discussed.
Experimental conditions
In order to evaluate the grooving performance of the blades, a series of cutting experiments was carried out on a silicon wafer with reinforced blades and conventional blades. The cutting conditions are shown in Table 1 . As the properties were evaluated after the cutting experiments, the distributions of chipping size and groove width on the surface of the work piece were investigated. The distributions of chipping size were evaluated as follows.
When the cumulative cutting distance reached 1 m, the cutting section between 0.98 m and 1.00 m of the cumulative cutting distance was designated as the measurement section. As shown in Fig.1 , this measurement section was divided at 20 µm intervals, and the maximum width of the chipping was measured with respect to the chipping sizes on both sides of the groove. The groove width was measured between the roots of chipping on both sides of groove.
Production method of reinforced blades with photographic sensitive film
Photographic sensitive film (Hitachi Chemical Co., Ltd. Japan) was used to coat conventional blades in the tests. The production process of a reinforced blade is shown in Fig.2 . Both sides of the blade were cleaned with acetone before attaching the photographic sensitive film to the blade. To improve the adhesion between the blade and the film, the blade was heated by a hot plate for 5 minutes at 110 ℃. The films on both sides of the blade were blanketed by a mask of the same shape as the blade, and irradiated with ultraviolet light for 400 seconds. The part of film that was not stiffened was removed by sodium carbonate aqueous solution (1 wt%). Fig.3 shows photos of the reinforced blade before and after coating by the photographic sensitive film.
The cutting experiments were performed under the conditions as mentioned above. Fig.4 shows the distributions of chipping size and groove width on the surface of the work piece. It shows that large chipping occurs more and the width of groove widened using the reinforced blade compared to those produced by the conventional one. Fig.5 shows the groove-shapes of the top view and the cross-section using the reinforced blade. The large amounts of chipping generated on the upper edge and the depth-direction-cutting were inclined from the surface. Fig.6 shows the tip of the blade after the cutting experiment. The film on the front side wore down and thinned. The film on the rear side was torn into shreds from the blade. Therefore, the reason for the cutting accuracy using the reinforced blade being worse compared to the conventional one can be explained as follows. The dicing blades are manufactured by nickel electroplating, and the surface conditions of both sides are different. Therefore, the adhesion between film and substrate is also different on both sides of the blade. The film attached weakly on the rear side was torn into shreds by the work piece. On the other hand, the film attached on the front side was involved in the cutting process and wore thin gradually. As the film was involved in the cutting process, the cutting accuracy on the front side became bad. Thus, in order to solve these problems, as shown in Fig.7 , the tip of the reinforced blade was exposed without film in the following experiments.
Evaluation of dicing blades reinforced by photographic sensitive film
Handling ability of reinforced blades. The thin blades break easily while being installed on the dicing device. It is necessary to improve the handling ability of thin blades. To investigate the handling ability of the reinforced blades, a bending strength test was conducted. The blade was fixed between two plates and the tip of the blade was exposed from the edge of the plates a distance of 6 mm, as shown in Fig.8 . The displacement of the tip was measured by a laser displacement sensor with changing weight. Fig.9 shows the results for blades coated with photographic sensitive films with different thicknesses (A:10 µm, B:19 µm, C: 29 µm). The displacement of reinforced blades is smaller than that of conventional ones. It is clarified that the stiffness (handling ability) of blades increased with attached photographic sensitive film, and the thicker the film, the higher the stiffness.
Grooving performance of reinforced blades
To evaluate the grooving performance of various blades, a series of grooving experiments was carried out on a silicon wafer. The distributions of chipping size and the groove width are shown in Fig.10 . The chipping size and the groove width of the reinforced blade are smaller than that of the conventional one. Therefore, the grooving performance of the dicing blades could be improved by attaching resin film on the surface of blades. It was also shown that the 242
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thinner the film is, the smaller the chipping size is. But, the relationships between the thickness of films and the groove width were not observed. From the results, it was shown that the grooving performances of the conventional blades could be improved by coating photographic sensitive films on the surfaces of the blades. It could be considered that elastic film is useful to reduce the vibration of blades and improve the cutting accuracy. The vibration damping property of blades was measured. In order to cause a blade to vibrate, the tip of the blade was momentarily displaced. The amplitude of vibration was measured by a laser displacement sensor. Fig.11 shows the oscillating curve of the blades coated by film or not. It is clarified that the damping rate of the reinforced blades is higher than that of the conventional one. The vibration test was conducted 10 times and the average value of damping ratio was used to evaluate the vibration characteristics of various blades. As shown in Fig.12 , the damping ratio of the reinforced blade is higher than that of a conventional blade. Comparing the damping ratio to the chipping size, it can be seen that the higher the damping ratio is, the smaller the chipping size is. Among the photographic sensitive films used in this study, the thinnest one was effective in improving the damping ratio and reducing the chipping size. Compared to the conventional blades, the oscillation at the tip of the reinforced blades decreased and the grooving performance improved. In light of the relationships between the damping ratio and the grooving performance, the dicing blades should be designed with a high damping ratio in future.
Blades Reinforced by polyester films without adhesive
It has been shown that the grooving performance of dicing blades is able to be improved by coating photographic sensitive films on their surface. However, the coating process is complex. To improve the coating process, a conventional blade was inserted between 2 pieces of polyester film without any adhesive, except that a little water was spread evenly between the film and the blade. The vibration characteristics and the grooving performance of the blades were examined. The thickness of films used was different (D: 25 µm, E: 38 µm, F: 50 µm). Fig.13 and Fig.14 show the damping ratio and the grooving performance of reinforced blades coated by various films. In the case of using film E, the damping ratio was the highest and the chipping size was the smallest. The same as for the photographic sensitive films, the results clarified that the higher the damping ratio is, the smaller the chipping is. 
Conclusions
In this study, the authors proposed a new method for improving the grooving performance of dicing blades. Several kinds of adhesive or non-adhesive films were coated on the dicing blades. The grooving performance and the damping ratio of various reinforced blades were examined. The relationships between the damping ratio and the grooving performance were discussed. The following conclusions were drawn.
(1) Dicing blades can be reinforced by coating with resin films. (2) It was clarified that the grooving performance of the reinforced blades is better than that of conventional blades. (3) The damping ratio of reinforced blades is higher than that of conventional ones. Thus the grooving performance of reinforced blades was improved.
